A method is reported for the isolation of a highly resolved oxygen-evolving photosystem II reaction center preparation. This preparation can be separated from the more complex photosystem II membranes isolated by the procedure of Berthold et al. ) FEBS Lett. 134, 231-2341 by use of octylglucopyranoside at elevated ionic strengths; the oxygen-evolving material can be collected by centrifugation at relatively low g values (40000 xg) in yields estimated to be more than 80%. This new preparation lacks the 17 and 23 kDa extrinsic polypeptides; addition of calcium and chloride produces activities approaching 1000 pmol 0,/h per mg chlorophyll. Although activity is maximal in the presence of 2,5-dichloro-~-benzoquinone, the response of activity to ferricyanide and 3-(3,4-di~hIorophenyI)-1 ,I-dimethylurea indicates that the reducing side of photosystem II has been modified in this new oxygen-evolving reaction center preparation.
INTRODUCTION
The isolation of PS II membranes by exposure of thylakoids to various detergents II-41 has advanced knowledge of the polypeptide composition of PS II and has also provided a means to understand better the relationship between certain of these polypeptides and sites of catalytic activity. Preparation of a PS II 'core' complex [5] [6] [7] has made it possible to identify certain hydrophobic polypeptides which bind catalysts of PS II photochemistry. More recently, Tang and Satoh Abbreviations: Chl, chlorophyll; DCBQ, 2,5-dichiorop-benzoquinone; DCMU, 3-(3,4-dichiorophenyl)-I,ldimethylurea;
LHC, light-harvestin complex; Mes, 4-morpholineethanesulfonic acid; OGP, 1-0-n-octyl-@-D-glucopyranoside; PS, photosystem; RC, reaction center [8] , Satoh et al. [9] and Ikeuchi et al. [lo] isolated oxygen-evolving RC complexes from PS II membranes which were further solubilized by use of non-ionic detergents such as digitonin or OGP. Ikeuchi et al. [lo] used a sucrose density gradient of OGP-soIubilized PS II membranes, whereas Satoh et al. [9] used a combination of density gradient centrifugation followed by two-step column chromatographic separation, In all cases, the isolated RC complex was depleted of two watersoluble polypeptides (17 and 23 kDa) and thus required the presence of non-physiological concentrations of Ca2+ and Cl-in order to retain oxygenevolution activity [9, lo] .
Here, we report a new method for isolation of an oxygen-evolving PS II RC complex. This method does not require ultra~entrifugation, sucrose density gradients or ~hromatographic separations and produces an oxygen-evolving RC complex in high yields.
Subchloroplast membranes, free of PS I and having high rates of oxygen evolution, were prepared as described in [2] . PS II membranes were solubilized with 35 mM OGP, 0.4 M sucrose, 50 mM Mes, pH 6.0, 10 mM CaC12 and 0.5 or 1 M NaCl at a Chl concentration of 1.5 mg/ml. After incubation for 15 min in ice one part of the PS II membrane suspension was mixed with two parts of a solution containing 0.4 M sucrose, 50 mM Mes, pH 6.0, 10 mM CaCl2 and 0.5 or 1 M NaCl; mixing was followed by 90 min centrifugation at 40000 x g, and the resulting pellet was resuspended in a solution containing 0.4 M sucrose, 50 mM Mes, pH 6.0, and 10 mM NaCl (fraction A). The supernatant was desalted by 90 min dialysis against a solution containing 0.4 M sucrose, 50 mM Mes, pH 6.0, and 10 mM CaClz, further diluted by 25% using the dialysis medium, and subsequently centrifuged for 90 min at 40000 x g. The pellet which resulted from this centrifugation step was resuspended in a medium containing 0.4 M sucrose, 50 mM Mes, pH 6.0, and 10 mM CaClz (fraction B); the colorless supernatant was discarded. Ca'+-and Cl--free samples were prepared by further dialysis of the above samples against a medium containing 0.4 M sucrose and 50 mM Mes, pH 6.0.
Gel electrophoresis was carried out as in [l l] with the modification that a 15% acrylamide resolving gel was used and 6 M urea was present in the gel; 02 evolution was measured with a Clarktype oxygen electrode. EPR spectroscopy was carried out on a Bruker ER-200D spectrometer operated at X-band and interfaced to a Nicolet 1180 computer.
RESULTS
As shown in fig. 1 , the pellet (fraction A) isolated from the first centrifugation of the procedure described in section 2 consists mainly of the LHC (lanes 3,5), whereas the final pellet (fraction B) contains a complex which has been depleted of the LHC and several other polypeptides (lanes 2,6). Even though the presence of 1 M NaCl during exposure to the detergent results in the quantitative isolation of a PS II RC complex, it also releases the water-soluble 33 kDa polypeptide and thus af- fects oxygen-evolution activity. On the other hand, the presence of 0.5 M NaCl during solubilization results in a preparation which retains the 33 kDa protein and shows high oxygen-evolution activity ( Fig.3 . Rates of oxygen evolution of the PS II RC complex as a function of added NaCl. Assay medium: 50 mM Mes, pH 6.0, 5OO~M DCBQ and the indicated concentration of NaCl (7 pg Chl/ml). Each point is the average of 2 measurements.
-
Variation was less than 5%. Fig.4 . Rates of oxygen evolution of the PS II RC complex as a function of added CaC12. Assay medium: 50 mM Mes, pH 6.0, 15 mM NaCl, 5OOpM DCBQ and the indicated concentration of CaC12 (7 ,ug Chl/ml). Other conditions as in fig.3 . volvement of both Ca*+ and Cl-in oxygenevolution activity.
Since Ikeuchi et al. [lo] reported that addition of digitonin in the assay medium enhanced oxygen-evolution activity by a factor of 1.5, we added digitonin to our assay system, but observed no stimulation of activity (not shown).
DISCUSSION
In this communication we have reported a very simple procedure for the isolation of an active PS II RC complex. Our procedure does not involve ultracentrifugation, sucrose density gradients or chromatographic separation; a simple exposure to the detergent OGP in the presence of high ionic strength followed by selective manipulation of the detergent and salt concentrations results in separation of the PS II membranes into two complexes. One of these consists mainly of the LHC whereas the other contains the hydrophobic polypeptides of the core complex as well as the water-soluble 33 kDa polypeptide, a 10 kDa polypeptide [ 171 and a species with a molecular mass estimated to be 20 kDa in our gel electrophoresis system. The presence of high concentrations of NaCl in the isolation procedure reported here has two effects. First, it promotes aggregation of the LHC [18, 19] , and second, it facilitates the dissociation of the PS II RC complex from the rest of the photosynthetic membrane.
It is instructive to compare this new oxygenevolving PS II RC complex with the preparation described by Ikeuchi et al. [lo] . As the data of table 2 demonstrate, both preparations effect an enrichment in manganese of about 3.7-fold on a Chl basis; for the present preparation, this enrichment is also observed for Z+, suggesting that no loss of manganese has occurred during the enrichment process. We also note that for our preparation, the manganese is EPR-silent at room temperature. Inspection of table 2 also shows that both preparations are capable of oxygen-evolution activity with rates which exceed 900 pmol 02/h per mg Chl. Differences in the conditions necessary for this activity are shown in table 2. The preparation of Ikeuchi et al. [lo] operates most efficiently with ferricyanide as the PS II acceptor in a DCMU- that their PS II preparation does not require DCBQ may derive from the requirement, in their preparation, for digitonin to produce enhanced rates of oxygen-evolution activity. A common property of both preparations is that in spite of substantial enhancements of components (manganese, Z) associated with the oxidizing side of PS II and the oxygen-evolving complex, oxygen-evolution activity is not comparably enriched. The explanation for this observation is unclear, but may relate to subtle changes in the reducing side of PS II, loss of LHC or both of these factors and other considerations which are not obvious at present. The enrichment in manganese content of Oz-evolving RC preparations provides a very attractive system for spectroscopic characterization of the oxidizing side of PS II. These studies, an immunological characterization of the various polypeptides of this oxygen-evolving RC PS II complex, and further experiments to improve oxygen-evolution activity are now in progress.
